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Abstract 
The purpose of the present study is to examine teachers’ use of cognitive processing 
language (CPL), which facilitates high levels of processing and metacognition, as it relates to 
first-grade students’ strategy use in the context of memory and mathematics performance.  In 
addition, child-level executive functioning (EF) is explored by studying the ways in which EF is 
associated with student performance in both of these domains.  Finally, an effort is made to 
examine the interaction between EF and CPL so as to understand the joint effects of 
environmental and child-level variables in relation to students’ strategy use in memory and math.  
Data were collected over the course of one academic year from a sample of 14 teachers and 87 
students in the form of classroom observations and individual child assessments.  Following the 
coding of teacher instructional style and the scoring of child-level EF, two median splits were 
performed: teachers were classified as either “high-CPL” or “low-CPL,” and students were 
characterized as either “high-EF” or “low-EF.”  Student outcomes on a memory and a math task 
were then analyzed as a function of both classroom environment and individual levels of 
executive functioning.  Previous findings from this area of research were replicated, showing that 
teachers vary naturally in the extent to which they incorporate CPL during math instruction.  
Only one of the proposed hypotheses was supported by evidence: low-EF children in high-CPL 
classrooms outperformed low-EF students in low-CPL classrooms by the end of the year on one 
measure of memory strategy use.  This study was an important step in the direction of studying 
the interplay between student-level and classroom-level factors that may interact in meaningful 
ways in the context of student performance.    
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Teacher Language, Executive Function, and Students’ Strategy Use in Memory and Mathematics 
Teachers have a powerful opportunity to impact the learning of each of their students, 
and often, the skills developed early in children’s educational careers are ones that have a lasting 
impact on further academic achievement (Grammer, Coffman, & Ornstein, 2013).  In the early 
elementary school years, children learn to use strategies effectively to solve problems and to 
work to remember new information, enabling them to succeed well into middle childhood 
(Ornstein, Coffman, Grammer, San Souci, & McCall, 2010; Ornstein, Haden, & Coffman, 2011).  
The degree to which students are able to effectively utilize these strategies in the long-term may 
depend on several factors including teaching style and children’s individual levels of executive 
functioning (Blair & Razza, 2007; Coffman, Ornstein, McCall, & Curran, 2008).  The purpose of 
the present study is to examine teachers’ use of cognitive processing language (CPL), instruction 
that facilitates high levels of processing and metacognition, as it relates to first-grade students’ 
strategy use in the context of memory and mathematics performance.  In addition, child-level 
executive functioning is explored by studying the ways in which executive functioning is 
associated with student performance in both of these domains.  Finally, an effort is made to 
examine the interaction between EF and CPL so as to understand the joint effects of 
environmental and child-level variables in relation to strategy use in memory and math.  
The Classroom as a Context for Development 
  The classroom has been shown to be a place in which both academic and general 
cognitive skills such as memory are developed (Coffman et al., 2008; Klibanoff, Levine, 
Huttenlocher, Vasilyeva, & Hedges, 2006; Moely et al., 1992; Morrison et al., 1995; Ornstein, 
Coffman, Grammer, San Souci, & McCall, 2010).  As children get older, they become more 
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skilled at using strategies to deliberately remember new information like pictures and words 
(Schneider & Bjorklund, 1998). Specifically, children’s ability to use the memory strategies of 
rehearsal (e.g., repeating the names of objects over and over again), organization (e.g., putting 
objects into conceptual groups), and elaboration (e.g., making up stories about objects to help 
remember their names) has been shown to evidence significant growth over the course of the 
elementary school years (Coffman et al., 2008; Schneider & Pressley, 1997).  Similarly, children 
become more proficient in the use of strategies to solve problems in subject areas such as 
mathematics (Kerkman & Siegler, 1997).  Both memory skills and mathematics skills, then, have 
been shown to increase with age in the context of the elementary school classroom, but 
additional research is needed to examine the factors in the formal schooling environment that 
impact these developmental changes.  
In order to examine the effects of schooling on memory development and to distinguish 
this development from that which occurs naturally with age, Wagner (1978) conducted work in 
Morocco, comparing groups of children with and without access to formal schooling.  This 
research led to the conclusion that some aspects of memory are universal, and that children will 
develop these regardless of whether they are enrolled in school or not, but that some skills, such 
as deliberate strategy use, are dependent on exposure to formal schooling (Wagner, 1978).  Once 
researchers identified that there was something specific about the formal school context, they set 
out to determine if there were particular time periods or experiences in children’s school careers 
that were particularly important.  To further investigate the specific grade level in which these 
memory skills are developed, Morrison et al. (1995) conducted an experiment using a sample of 
children who were all approximately the same age, but whose birthdays fell just before or just 
after the cut-off date for entering school.  Thus, the sample consisted of “old” kindergartners and 
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“young” first graders – but all children were roughly the same age.  The only difference was the 
classroom context: whether the students were in kindergarten or first grade.  Researchers 
assessed the children’s deliberate memory performance at the beginning of the school year by 
showing them pictures on flash cards and then asking the children to remember the pictures 
(Morrison et al., 1995).  Initially, there were no differences between the two groups.  However, 
at the end of the school year, the young first graders showed significantly better performance on 
the memory tasks than did the old kindergartners (Morrison et al., 1995).  This builds on the 
work of Wagner (1978), which demonstrated that formal schooling is key, to further suggest that 
there may be something specific about the first grade experience that contributes to children’s 
abilities to learn and remember new information.   
Perhaps the most important part of the classroom context, and the one most likely to 
influence student learning, is the classroom teacher.  Research carried out by Moely et al. (1992) 
was designed to understand the role of teachers in two ways: (1) in terms of the amount of 
explicit memory strategy suggestion they provided throughout the course of a typical 
mathematics lesson, and (2) in terms of the impact of teachers’ instructional styles on how often 
their students utilized deliberate memory strategies.  Researchers observed teachers over the 
course of several class periods, coding teacher instruction based on the presence of specific 
teaching behaviors evaluated every 30 seconds (Moely et al., 1992).  These teaching behaviors 
were placed into one of several categories, including: “rote learning,” “elaboration,” 
“deduction,” “imagery,” “attention,” and “metamemory”; additionally, teachers were scored 
based on how often they 1) described cognitive processes, 2) suggested strategies, 3) and/or gave 
rational feedback for strategy use (Moely et al., 1992).   
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Teachers rarely provided explicit strategy suggestions during these lessons, with this 
category of teacher language making up less than 3% of the total sample (Moely et al., 1992).  
However, students in the classes of teachers who did incorporate more strategy suggestions were 
shown to utilize more strategies when solving problems and working to remember information 
than did children in classrooms of teachers who made fewer strategy suggestions (Moely et al., 
1992).  In other words, students with teachers who were deliberate about instructing children in 
cognitive strategy use were better able to select and execute effective strategies than those 
students whose teachers did not provide as much strategy suggestion.  The paradox, then, was 
this: the classroom had been shown to be an important context for developing deliberate 
strategies, yet most teachers didn’t explicitly instruct their students in the use of these strategies.  
In order to identify ways to increase this type of instruction (and, thus, student performance) 
teacher language needed to be further examined.   
Initial research done on teacher language and mathematics had to do with the sheer 
amount of certain types of language that were used during the course of a typical lesson.  For 
example, Klibanoff, Levine, Huttenlocher, Vasilyeva, and Hedges (2006) tallied the number of 
times per mathematics lesson that preschool teachers referred to concepts like counting, 
cardinality, equivalence, or calculation throughout an hour of instruction.  The amount of “math 
talk” in each category (nine in total) used by each teacher was totaled and then analyzed in terms 
of the mathematics achievement of the students in each of these teachers’ classes.  The 
researchers found that (1) the teachers varied dramatically in the amount of math talk they 
provided throughout the course of a lesson; and (2) the amount of preschool teachers’ math talk 
was significantly related to the growth of students’ math knowledge throughout the course of the 
year, such that students with teachers who used more “math talk” demonstrated higher growth in 
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mathematics than did students with teachers who used less (Klibanoff et al., 2006).  Boonen, 
Kolkman, and Kroesbergen (2011) utilized the same nine categories as did Klibanoff et al. 
(2006), and also found a positive relationship between the amount of “math talk” that was 
provided and the growth in children’s math achievement across the year.  However, both of these 
studies lacked a measure of explicit strategy suggestion, and the “math talk” measure collected 
was just an amount – not a complete descriptive measure of the quality of the language.   
Cognitive Processing Language (CPL).  In order to more concretely measure teacher 
language use in the context of cognitive development and its lasting impact on students’ 
performance, Ornstein and Coffman and their colleagues developed a coding scheme, the 
Taxonomy of Teacher Behaviors, to characterize the language teachers use during mathematics 
and language arts instruction (Coffman et al., 2008; Ornstein et al., 2010).  This Taxonomy was 
developed in part because of the fact that cognitive structuring affects the depth to which 
information is processed that occurs when students learn, and also because the provision of 
metacognitive information has been shown to affect student encoding and retrieval processes 
(Craik & Lockhart, 1972; Schneider & Pressley, 1997).  The Taxonomy (Coffman et al., 2008) 
classifies teacher language into four broad categories: instructional activities (simply giving 
students instruction or information); cognitive structuring activities (in which information is 
scaffolded, and making connections between ideas is encouraged); memory requests (giving 
explicit instructions to recall facts, ideas, or events); and metacognitive information (asking 
process-oriented questions such as, “What do you think is a good way to remember this 
information?”) (Ornstein et al., 2010).  In an effort to characterize teacher language using the 
Taxonomy, Coffman and Ornstein carried out a series of studies in elementary school classrooms 
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in which teachers’ instructional style was classified based on the frequency with which each of 
these types of language was used (Coffman et al., 2008; Ornstein et al., 2010).  
Teachers observed in initial longitudinal studies were scored based on the amount of each 
type of language they used throughout the course of a lesson, recorded in 30-second intervals 
(Coffman et al., 2008).  The construct used to classify teachers’ instructional styles is called 
“Cognitive Processing Language (CPL),” and is made up of five specific component codes: (1) 
strategy suggestions, (2) metacognitive questioning, (3) the co-occurrence of deliberate memory 
demands and instructional activities, (4) the co-occurrence of deliberate memory demands and 
cognitive structuring activities, and (5) the co-occurrence of deliberate memory demands and 
metacognitive information.  Teacher scores on each of these five codes were standardized, and 
were then averaged into a single score that characterized the instructional style of each teacher.  
Finally, a median split was performed to classify these teachers as either “high-CPL” or “low-
CPL” (Coffman et al., 2008).  Consistent with prior observational research on teachers’ 
instruction (Klibanoff et al., 2006; Moely et al., 1992), Coffman et al. (2008) found that teachers 
varied greatly in the amounts of CPL they used during instruction.  To better understand the 
impact of this type of language, researchers then examined various student outcomes as a 
function of teacher instructional style: specifically, strategy use in the context of memory tasks 
and measures of academic achievement. 
Student Outcomes: Strategy Use in the Context of Memory and Mathematics Achievement 
When children are presented with a task in which they are required to remember new 
information, they often rely on employing deliberate memory strategies to help them do so more 
effectively, and as they progress through the early elementary school years, they become 
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increasingly skilled at doing so (Schneider & Pressley, 1997).  During this time period, children 
evidence gains in their use of organizational (e.g., Lange, 1978), rehearsal (e.g., Ornstein & 
Naus, 1978), and elaboration (e.g., Rowher, 1973) strategies.  To illustrate: organizational 
strategies might include placing groups of semantically-related words or objects together, such as 
“basketball, football, soccer ball, and baseball” (all sport-related) or “cookie, candy cane, 
chocolate bar, lollipop” (all desserts).  This strategy could be used both during the input phase to 
facilitate coding and/or during recall to aid in retrieval.  Rehearsal, or repeating the names of to-
be-remembered items over and over again, is an important cognitive process that aids in both the 
maintenance of information in short-term memory and the transfer of information into long-term 
storage (Ornstein & Naus, 1978).  A child might attempt to remember a group of objects together 
by repeating their names aloud, as in: “Beach ball, wheelbarrow, horse, camera; beach ball, 
wheelbarrow, horse, camera.”  Elaboration can be thought of as a way of assigning meaning to 
to-be-remembered information in order to make it more relevant, and thus, easier to recall.  For 
example, a child might try to remember a series of picture cards (dog, watering can, shampoo, 
cookie) by creating a story using the cards: “I gave my dog a bath, and then I gave him a 
cookie!”  Children’s use of these deliberate memory strategies, especially across the first-grade 
year, is associated with increased success in remembering (Baker-Ward, Ornstein, & Holden, 
1984; Schneider & Bjorklund, 1998).  
 Effective strategy use is not only a component of students’ memory skill development, 
but has also been associated with student success in the context of academic achievement 
(Kerkman & Siegler, 1997).  In mathematics specifically, a “strategy” can be defined as any 
procedure that is 1) nonobligatory, such that it does not represent the only way to solve a 
problem, and 2) goal-directed, so far as it is intended to accomplish a specified purpose (Siegler 
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& Jenkins, 1989).  In order to evaluate first-grade students’ abilities to employ strategies to solve 
basic math problems, Kerkman and Siegler (1997) developed a simple task: they presented 
students with a series of addition problems (e.g., 5+2, 3+1, 8+4), asked them to provide the 
answer, and then asked: “What did you do to get that answer?”  In other words, the students were 
asked to provide a strategy.  The task was scored based on two different criteria: evaluative 
(getting the problem right vs. wrong) and stylistic (providing a code for the specific strategy the 
student used to solve the problem) (Kerkman & Siegler, 1997).  Responses included in the 
measure encompassed a wide variety of techniques, ranging from simple retrieval (“I just knew 
the answer”) to more complex methods.  These “backup” strategies, as they are called, include 
things like counting on one’s fingers, counting up from the larger addend, or using 
“decomposition” (e.g., breaking a problem down into a simpler version by using doubles facts or 
making a ten).  To illustrate, a child might solve “9+6” by counting up from 9: “10, 11, 12, 13, 
14, 15.”  Alternatively, the child could also recognize that 9+6 is similar to 10+6 (16), and then 
subtract one to get 15.  See Table 1 in the Appendix for a complete description of each strategy.  
The importance of strategy use extends beyond just success in this simple task: students who 
were particularly adept at using either retrieval or one of the backup strategies were found to 
have higher achievement on subsequent standardized mathematics tests (Kerkman & Siegler, 
1997; Siegler & Jenkins, 1989).  
Links Between CPL and Student Outcomes.  Given the variation in children’s strategy 
use, it seems important to consider the potential factors that may influence student outcomes in 
the context of the classroom – specifically, teachers’ usage of CPL. In terms of students’ 
memory skills, Coffman et al. (2008) found variations in students’ recall and strategy use in the 
context of a memory task as a function of teachers’ language.  These researchers used three 
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measures of memory and strategy use in this experiment: 1) the basic digit span task (McCarthy, 
1972); 2) an “object memory” (OBJ) task (Baker-Ward et al., 1984); and 3) a “sort-recall with 
organizational training” task (Moely et al., 1992).  The digit span task (Jacobs, 1887; McCarthy, 
1972) is a basic measure of children’s short-term and working memory capacity whereas the 
object memory and sort-recall tasks measure children’s strategy use in the service of a deliberate 
memory goal (Coffman et al., 2008).  More specifically, the OBJ task measures the types of 
behavioral and linguistic strategies that children employ when they attempt to remember a group 
of 15 stimulus objects, and the sort-recall task measures children’s use of strategies such as 
organized sorting and clustering when they are working to remember the names of 16 picture 
cards.  Importantly, no differences were observed in students’ performance on the digit span task 
as a function of teachers’ use of CPL. However, by the end of the academic year, those students 
taught by high-CPL teachers performed significantly better on OBJ and sort-recall than their 
peers taught by low-CPL teachers.  More specifically, students in high-CPL classrooms 
performed better on measures of both strategy use (they used more strategies) and recall (they 
were able to recall more information) on both the OBJ and the sort-recall tasks than did their 
peers with low-CPL teachers (Coffman et al., 2008).  These findings suggest that although 
children in high- and low-CPL classrooms have comparable memory capacities as evidenced by 
their similar performance on the digit span task, teachers’ instructional language plays a key role 
in influencing the types of strategies children use in the context of deliberate memory tasks and 
the amount of information children are able to subsequently recall (Coffman et al., 2008).  
Further research also provided evidence that these differences persisted across second grade, and 
even into fourth grade, thus showing that the instructional style of the first grade teacher has a 
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lasting impact on students’ strategic performance in school (Ornstein et al., 2010; Ornstein, 
Haden, & Coffman, 2011).   
To further investigate the connection between teacher language and children’s use of 
memory strategies, Grammer, Coffman, and Ornstein (2013) designed an experiment in which 
CPL was manipulated.  This allowed for researchers to explore causal linkages between these 
variables, rather than just correlations based on observational data.  Children were involved in an 
after-school program where teacher research assistants provided lessons in science and 
engineering using Legos, in a unit called “Things That Move.”  Half of the students were 
instructed using low levels of CPL, and the other half were instructed by a teacher deliberately 
following a high-CPL script.  In the “High-CPL” condition, instructors provided more frequent 
use of explicit strategy suggestions and asked more metacognitive questions than did the 
instructors in the “Low-CPL” condition.  Instructors in the High-CPL condition also more 
frequently asked children to recall facts, events, or procedures throughout the course of the 
lessons, with the aim of better facilitating children’s remembering (Grammer et al., 2013).  The 
students from both conditions were assessed before, during, and after the program to evaluate 
their use of strategies when presented with memory tasks.  These tasks included measures of 
specific knowledge from the instructional unit (i.e., engineering topics in the context of Lego-
building), general strategic understanding of the novel material, content-specific deliberate 
strategy use, and general memory capacity and strategy use.  For example, children were 
presented with a series of hypothetical Lego-building challenges, and asked to apply what they 
had learned to help them “solve” these problems.  Children were also administered two card-sort 
tasks to measure deliberate memory strategy use: one content-specific task using cards with 
pictures of Lego pieces on them, and one general task using sixteen generic picture cards 
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(Grammer et al., 2013; Moely et al., 1992).  Experimental evidence from this particular study 
suggested a causal linkage between teacher language and children’s strategy usage, such that 
children in the “high-CPL” classrooms showed more attempts to use strategies to remember 
information and actually did remember more information than did students who were instructed 
with low levels of CPL, as measured by the content-specific and general memory strategy tasks 
(Grammer et al., 2013).  The groups were equivalent in terms of mastery of facts, but those 
students who were in the high-CPL condition were better able to learn specific problem-solving 
strategies, as well as to use their newly acquired information as the basis of a sorting strategy in 
service of a memory goal.    
In an investigation of CPL’s impact on mathematics achievement specifically, Grammer, 
Coffman, Sidney, and Ornstein (2016) conducted naturalistic classroom observations during 
math lessons and determined that second-grade students with high-CPL teachers performed 
better on the Woodcock-Johnson III Tests of Mathematics Achievement (Woodcock, McGrew, 
& Mather, 2001), as measured by the “math fluency” and “calculation” subscales, than did their 
peers in low-CPL classrooms.  In addition, math scores of students from high-CPL classrooms 
increased at a greater rate across the school year than did the scores of students from low-CPL 
instructional environments (Grammer et al., 2016).  This study did not look specifically at 
students’ deployment of problem-solving strategies in mathematics; however, the fact that a 
higher level of CPL is associated with higher levels of strategy suggestion, metacognitive 
questions, and deliberate memory demands might indicate a linkage between CPL and children’s 
strategic understanding of math concepts (Grammer et al., 2016).  
This body of research suggests that teacher language does in fact have an impact on 
student outcomes.  In addition to characterizing the instructional context in which children are 
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embedded, it may also be important to consider the role of child-level factors, such as executive 
functioning (EF), that may interact with aspects of the classroom environment in important ways 
to influence student outcomes (McClelland et al., 2007).  For example, if a child is low in 
executive function yet is receiving instruction that is rich in CPL, this high-CPL environment 
may somehow moderate (and bolster) the positive effects of teacher language on student strategy 
use in memory and mathematics. 
Child Characteristics: Executive Function (EF) 
The construct of executive function, which includes attentional focusing, working 
memory, and inhibitory control, has been shown to influence academic achievement and general 
school readiness (Blair & Razza, 2007; Ponitz, McClelland, Matthews, & Morrison, 2009).  In 
the context of the classroom, attentional focusing is involved when students are required to focus 
on a particular task, or to listen to their teacher explaining a difficult concept (Barkley, 1997).  
Working memory is used when students must remember directions for completing an assignment, 
and inhibitory control is drawn upon when students must remember to raise their hands before 
answering a question (Adams, Bourke, & Willis, 1999; Diamond, Kirkham, & Amso, 2002).  
Behavioral self-regulation, a component of the “inhibitory control” aspect of executive function, 
plays a significant role in children’s academic achievement and cognitive development, 
especially in the early elementary school years (Espy, McDiarmid, Cwik, Stalets, & Hamby, 
2004; Gathercole & Pickering, 2000).  Children who have a hard time regulating their behavior 
in the classroom are at risk for low achievement, emotional and behavioral problems, and have a 
higher chance of dropping out of school in adolescence (Ponitz et al., 2009).  Further, children’s 
levels of executive functioning can be used to predict achievement outcomes over the course of 
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an academic year, such that children with higher levels of self-regulation in the fall evidence 
greater gains in achievement by the spring (Duckworth & Seligman, 2005).  
Executive Function and Academic Achievement.  In terms of academic achievement, 
executive function has been found to influence students’ performance in multiple domains – 
including mathematics (Gathercole & Pickering, 2000; Monette, Bigras, & Guay, 2011).  To 
examine the relationship between child-level executive functioning and academic achievement, 
McClelland et al. (2007) designed a study involving 310 preschool children, ages 3 to 5.  In this 
study, children were assessed in the fall and the spring of the prekindergarten year using 
measures of executive function, literacy, vocabulary, and mathematics (McClelland et al., 2007).  
To measure executive function, researchers used the “Head-to-Toes” task – a game in which 
children are instructed to do the opposite of what a trained experimenter tells them to do 
(McClelland et al., 2007; Ponitz et al., 2008).  For example, when the experimenter says, “Touch 
your head,” the student must touch his toes, and when she says, “Touch your toes,” the student 
must touch his head.  Successful performance on this task draws upon all three aspects of 
executive functioning: children must (1) focus on the instructions they are being given, (2) work 
to remember the rules of the game, and (3) inhibit their natural response to the instructions, 
because they are supposed to do the opposite of what they are being told. 
The results of this study supported the notion that executive functioning and academic 
achievement are associated with one another: behavioral regulation was significantly and 
positively related to students’ performance on the tasks measuring literacy, vocabulary, and math 
skills, as measured by the Woodcock-Johnson III Tests of Achievement (Woodcock, McGrew, & 
Gather, 2001; McClelland et al., 2007).  In other words, students who scored higher on the Head-
Toes task also tended to score higher on these tests of academic achievement.  In addition, 
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growth in executive functioning was found to be able to predict growth in literacy, vocabulary, 
and math skills over the course of the prekindergarten year, such that correlations were found 
between increases in scores on the Head Toes task and increases in scores on the academic 
assessments (McClelland et al., 2007).  
Building upon the work of McClelland et al. (2007), Ponitz et al. (2009) further explored 
the relationship between executive functioning and academic achievement, but utilized a 
kindergarten sample rather than a prekindergarten one.  In this study, kindergarten students were 
measured at the beginning and end of the academic year using a slightly modified version of the 
“Head-to-Toes” task that had been adapted for older children, ages 6-7: the “Head-Toes-Knees-
Shoulders (HTKS)” task (Ponitz et al., 2009).  Academic achievement was measured using three 
subscales of the Woodcock-Johnson Tests of Achievement III (Woodcock, McGrew, & Mather, 
2001).  The researchers found that initial measures of behavioral self-regulation in the fall were 
able to predict end-of-year achievement in mathematics, literacy, and vocabulary (Ponitz et al., 
2009).  In addition, children who began the academic year with higher levels of executive 
functioning as measured by the HTKS task showed greater gains in mathematics achievement by 
the end of the year as compared to their lower-EF peers (Ponitz et al., 2009).  Similarly, Smedt et 
al. (2009) found that at the first-grade level, working memory, a component of executive 
function, can be used to predict later math achievement, and also that deficits in mathematics are 
linked to poor working memory.  Taken together, this body of research suggests that child-level 
factors, such as children’s executive functioning skills, are indeed related to student achievement 
outcomes. 
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The Present Study: Research Questions and Hypotheses 
In the current study, an effort is made to more fully understand the contextual and 
individual-level variables associated with children’s strategy use in the domains of memory and 
mathematics by integrating the literatures on teachers’ instructional language and children’s 
executive function skills.  Four main questions are investigated: (1) How much do teachers 
naturally vary in the amount of CPL they incorporate into mathematics instruction? (2) Is 
instruction that is rich in CPL associated with a higher level of student strategy use in the context 
of memory tasks or mathematics achievement?  (3) How does executive function influence 
student performance?  And finally, (4) does child-level executive function moderate the effects 
of CPL?  In other words, does high-CPL instruction allow children with low levels of executive 
functioning the opportunity to achieve at a higher level, or utilize strategies more effectively, 
than would low-EF children in a low-CPL classroom?   
Student outcomes are analyzed independently as a function of teacher instructional style 
and child executive function levels, in order to determine the linkages between these factors and 
students’ strategy use in the context of memory and mathematics.  Student outcomes are also 
analyzed as a function of the joint effects of teacher instructional style and student executive 
function.  Each interaction consists of four possible categories: 1) High-CPL X High-EF, 2) 
High-CPL X Low-EF, 3) Low-CPL X Low-EF, and 4) Low-CPL X High-EF.  Based on the prior 
evidence, we expect to find that students with high-CPL teachers are more adept at utilizing 
strategies when solving mathematics problems and when working to remember information as 
compared with students in low-CPL classrooms.  Given that the current literature documents the 
importance of executive function in terms of academic success, we also expect high-EF children 
to perform better on measures of mathematics achievement than low-EF students, regardless of 
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classroom environment.  Finally, we expect low-EF children in high-CPL classrooms to 
outperform low-EF children in low-CPL classrooms on measures of both achievement and 
strategy use.  
Method 
Participants 
First-grade teachers and students from four elementary schools in a suburban area in 
central North Carolina were recruited for participation in this experiment.  Fourteen teachers 
signed consent forms to participate in the study.  All of the teachers were female; 12 identified as 
Caucasian, and 2 as African-American.  The teachers had an average of 9.5 years of teaching 
experience (range = 2-27 years, SD=9.4), and an average of 6.3 years teaching first grade (range 
= 1-26 years, SD=7.6).  
Consent forms were sent home to all students in each of these teachers’ classrooms at the 
beginning of the school year, and 87 children enrolled in the study (44 males and 43 females).  
The children ranged in age from 5.9 to 7.5 years old (M=6.8 years, SD=0.3).  Of those children 
whose parents/guardians responded to the background questionnaire provided in the enrollment 
paperwork (n = 59), 67% were Caucasian, 14% were African-American, 7% were Asian, and 
12% were of mixed ethnicity. 
Procedure 
 Classroom Observations.  In order to obtain 60 representative minutes of each teacher’s 
use of cognitive processing language (CPL), trained research assistants conducted classroom 
observations during whole-group instruction in mathematics.  Multiple trips (range = 9-17, M = 
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14, SD = 2.50) to each teacher’s classroom were needed to collect the full hour of data.  Lessons 
were videotaped for later coding, and research assistants also took extensive notes during the 
lessons about classroom activities during instruction.   
 Child Assessments.  Child assessments were conducted during the fall (Time 1) and 
spring (Time 2) of the first-grade academic year.  At each time point, trained research assistants 
conducted assessments of all students enrolled in the study using a battery of cognitive, self-
regulation, and achievement measures.  In this study, we focus specifically on those tasks used to 
measure self-regulation, memory, and mathematics performance.  Assessments typically took 
place after school, although in some cases they were administered during the school day, with 
permission from the child’s teacher.  Each assessment lasted approximately 45-60 minutes.  All 
assessments were audio and videotaped for subsequent coding by two independent research 
assistants.  
Measures 
 Cognitive Processing Language (CPL).  To characterize teachers’ use of CPL during 
mathematics instruction, trained research assistants used the Taxonomy of Teacher Behaviors 
(Coffman et al., 2008) to code teachers’ language in 30-second intervals.  Use of the Taxonomy 
allowed researchers to evaluate the frequency with which each type of language was used 
throughout the course of a lesson, and to characterize the nature of each teacher’s instructional 
style as a whole.  The Taxonomy contains four distinct categories into which teacher language 
can be placed: “instructional activities,” “cognitive structuring activities,” “memory requests,” 
and “metacognitive information.”  Within each of these four categories, there are several specific 
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subcategory codes that capture teachers’ instructional language.  For an outline of the complete 
Taxonomy, see Table 2.  
 Instructional Activities.  Instruction codes were used when the teacher provided the class 
with general information such as the definition of addition; specific task information or 
instructions for performing a particular activity, such as “Turn to page 25 in your math 
workbooks;” a prospective summary of upcoming events or lessons such as “First, we will 
complete our morning work.  Then, we will play a math game in partner pairs;” and/or if the 
teacher engaged in book reading, or read aloud from any other written source. 
 Cognitive Structuring Activities.  Cognitive Structuring codes were given when the 
teacher directed student attention to the lesson and/or encouraged students to engage with the 
subject material in a way that would facilitate deeper processing.  Attention regulation was coded 
as either “instructional” or “behavioral” when teachers focused the attention of students either to 
reorient them back to the lesson or to discontinue a disruptive behavior.  For example, “One, 
two, three, eyes on me!” would be coded as an instructional attention regulation goal, whereas 
“Jack, please keep your hands to yourself” would be a behavioral goal.  Massed repetition was 
coded any time the teacher prompted the students to repeat a phrase or a song together.  The 
identifying features code was used when teachers had students observe, think about, or discuss 
features of a category or concept.  For example, in a lesson about three-dimensional shapes, a 
teacher would be given this code if she said something like, “What do you notice about this 
cube?  Cubes always have twelve edges, six faces, and eight vertices.”   
Categorization codes included any instance in which the teacher or the students placed 
concepts or objects into at least two categories – such as deciding whether a shape was a square 
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or a rectangle, or deciding whether a number was odd or even.  Identifying relationships was 
used to classify instances in which items or concepts were compared to one another; for example, 
“Eleven is greater than seven,” or “A square has four sides, just like a rectangle.”  Two making 
connections with personal experiences codes were employed: one for connections made at 
school, and another for connections made with experiences at home.  For example, “Do you 
remember when we talked about adding two 2-digit numbers last week?” or “What are some 
objects shaped like a cube you have at your house?”  The drawing inferences code was used 
when students were asked to predict the outcome of a situation, such as, “In this story, Ben says 
he is going to eat three-fourths of Sidney’s pizza.  Do you think she will be happy about that?”  
Finally, the visual imagery code was used when the teacher asked children to visualize certain 
images pertaining to the current lesson, such as, “Make a picture in your brain of an object that 
looks like a cube.” 
 Memory Requests.  Memory request codes were used when teachers asked students to 
recall or remember information about an event, a fact, a procedure, or an activity.  Each memory 
request was first categorized by whether or not it was expressed (deliberate) or implied.  An 
expressed memory demand would be coded if a teacher said something like, “Remember,” 
“Don’t forget!” “Put it in your brain,” or “Make sure you know this information!”  Implied 
memory demands refer to instances in which information must be recalled, but it is not explicitly 
stated that students should remember it.  For example, “What does the equal sign mean?”   
Memory requests were then classified based on whether they were semantic, episodic, 
procedural, prospective, or anticipated in nature.  In a semantic memory request, students are 
asked to recall a previously learned fact, such as, “How many vertices does a rectangular prism 
have?”  An episodic memory request requires the recall of a specific event, such as, “Remember 
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last week when we used unifix cubes to help us add tens and ones?”  Procedural memory 
requests are used to elicit information about steps in a process, such as, “What is always the first 
step in solving a word problem?”  Prospective memory requests are future-oriented, and often 
imply a behavioral goal.  For example, “Remember to bring in your math journals tomorrow!”  
Anticipated codes are used when the teacher states a learning goal or implies that it is important 
for the students to remember certain information.  This could include statements like, “I want 
you to remember how to do these types of problems,” or “Remember, first-graders always show 
their work!”   
 Metacognitive Information.  Metacognitive codes were used when teachers provided 
metacognitive information in the form of a strategy suggestion, a rationale for utilizing a 
particular strategy, or when a teacher asked students a question that required them to think about 
their own cognitive processes.  Specifically, a suggestion was coded if teachers provided an 
explicit strategy for students to use when solving a problem.  For example, “Use your doubles 
facts to help you solve this problem!”  Metacognitive rationale codes were used when teachers 
explained the reasons behind using specific strategies, such as, “Counting on from the bigger 
number in addition problems is a good strategy because it allows you to solve the problem 
quicker.”  Suppression codes were used for instances in which the teacher told students to refrain 
from using a particular strategy that would be inappropriate or inefficient, such as, “Don’t just 
guess when you look at these problems.”  Often, these suppression codes were paired with 
replacement codes, in which teachers provide an alternate strategy suggestion to go along with 
the strategy that was discouraged.  For example, “Instead of counting on your fingers, use your 
hundreds chart to solve these equations.”  Finally, teachers were given a metacognitive 
questioning code if they solicited metacognitive information from their students.  This could be 
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as simple as, “Does that make sense?” or as complex as, “What are some strategies you could 
use to figure that out?” 
Free Recall with Organizational Training Task (Times 1 and 2).  This free recall card 
sort task (FRT), administered at both time points, was designed to examine both children’s 
spontaneous use of strategic behaviors and their ability to learn and replicate a memory strategy 
following explicit training (Moely et al., 1992).  This task also allowed researchers to observe 
other types of strategic behavior including rehearsal, elaboration, and self-testing.  Children were 
presented with a series of 16 cards with drawings of common objects, and each set contained 
four groups of four cards that were strongly semantically linked (e.g., candy: candy cane, 
chocolate bar, gumball, lollipop; shapes: circle, rectangle, square, triangle).  A total of eight 
sets were used for the assessments, each with two different orders of presentation.   
In the baseline trials, cards were presented one at a time, and children were instructed to 
name each picture as the experimenter laid the cards out into a four-by-four grid.  If the child 
provided an incorrect name for a picture, the experimenter corrected the child and continued 
presenting the cards.  When all 16 cards had been presented and named, experimenters instructed 
children to, “Do whatever [they could] to help [them] remember the names of all the pictures.”  
During these baseline trials, no instruction was given with regards to strategic behavior, which 
allowed for the observation of spontaneous strategy use.  When the child indicated that he/she 
was confident in his/her ability to remember the names of the pictures, the cards were picked up 
and the child was instructed to tell the experimenter the names of all the pictures he/she could 
remember.  
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Next, a “Training” trial was administered.  During the training trials, the experimenter 
presented the same set of 16 cards, but this time demonstrated a specific memory strategy 
(grouping the cards into their four semantic categories), telling the child that using this strategy 
would help them to better remember the names of the pictures.  For example, the experimenter 
would tell the child, “Shirt, shorts, pants, and socks would all be grouped together, because they 
are all articles of clothing.”  After all 16 cards had been sorted, the child was given the 
opportunity to study the cards in these groups, and was again told to indicate to the experimenter 
when he/she was ready to recall the names of the cards.  
  Finally, in a “Generalization” trial, given after a 15-minute delay, a novel set of 16 cards 
was presented, and children were again given no explicit instruction with regards to strategic 
behavior, but rather were told to do whatever they could to help them remember the names of the 
pictures.  This allowed researchers to monitor whether or not the child would choose to use the 
strategy they had just recently been taught.   
In scoring the FRT, children were assessed based on both the number of items they 
remembered and on their strategic behavior.  Two trained coders scored each trial of the FRT 
independently, giving the children scores based on the ways in which they sorted the cards 
during the study period, the number of items they were able to recall, and the number of 
categorical groups named.  Sorting and clustering behaviors were determined by calculating an 
“Adjusted Ratio of Clustering (ARC)” Score (Roenker, Thompson, & Brown, 1971).  The extent 
to which children organized cards into their semantic groups during the study period is reflected 
by their Sort ARC score.  Similarly, the extent to which children organized cards into their 
semantic groups during recall is reflected by their Clustering ARC score.  ARC scores range 
from -1 to 1, with -1 representing below chance sorting and 1 representing the best possible 
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semantic categorization (in this case, all 16 cards placed in their 4 semantic categories).  For 
example, an ARC score of 0.60 would roughly correspond to a semantically strong sort or cluster 
of 12 out of the 16 cards. 
Basic Math Solving Strategy (Times 1 and 2).  At both Time Points 1 and 2, the Basic 
Math Solving Strategy Assessment (MATH) (Siegler & Jenkins, 1989) was administered to 
assess children’s computational fluency and strategy use.  A trained research assistant read 10 
single-digit addition problems aloud and instructed children to solve each problem in any way he 
or she would like.  Following the child’s response, the research assistant asked for a retrospective 
report of how the child solved the problem.  Both the accuracy of the answer and the specific 
strategy provided by the child were recorded for later analysis.  Two coders independently 
scored 25% of files at Time 1 and Time 2.  Inter-rater reliability ranged from 80 – 100%, with an 
average of 95% at Time 1, and 97% at Time 2. 
 Head-Toes-Knees-Shoulders (HTKS) (Time Point 1).  The HTKS task (Ponitz et al., 
2009) is a measure of the three components of executive function: attention, working memory, 
and behavioral inhibition.  In this task, which consists of 20 trials, students were required to use 
four rules to respond to the commands of the research assistant administering the exercise.  First, 
the children were asked to touch their head, shoulders, knees, and toes, to ensure that they were 
capable of performing the actions involved in the task.  Next, they were given instructions to 
perform the opposite action.  For example, when children were told, “Touch your head,” the 
correct response was to do the opposite, and to touch their toes.  In the same way, if students 
were told to touch their knees or touch their shoulders, they were also supposed to perform the 
opposite action.  During a brief training period, children were administered 10 practice trials of 
the paired commands – 5 of head and toes, and 5 of knees and shoulders.  Following this training 
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and practice, the first test phase was administered, and consisted of 10 trials of either head-toes 
or knees-shoulders commands.  After the first test phase, the examiner provided instructions on 
how all four commands would now be combined.  In this second test phase, children were again 
administered 10 trials, but this time, all commands were included.  Two points were awarded for 
a correct response, and one point was given if the child made a motion towards the incorrect 
body response but was then able to self-correct and choose the correct response.  Incorrect 
responses did not receive any points.  Scores for the 20 trials were calculated by adding up the 
children’s scores, ranging from 0 to 40 points.  A higher score indicated a higher ability of the 
child to pay attention to the task at hand, to remember the instructions, and to inhibit his/her 
natural response to the commands. 
 Digit Span (Time 1).  A forward and backward version of the Digit Span task was 
administered at Time 1 to assess both short-term and working memory, respectively.  Research 
assistants read children a string of numbers, beginning with a length of two (e.g., ‘5 – 3’).  If the 
child could successfully repeat the string of numbers back to the experimenter, the string 
increased in length by one (e.g., ‘7 – 1 – 4’).  If a child recalled the set of numbers incorrectly, a 
second trial of the same length was administered.  If the child again responded incorrectly, the 
task was discontinued.  For the backwards digit span task, the same paradigm was followed, 
except the instructions were to repeat the string of numbers in reverse order.  For example, if the 
experimenter said, “1 – 5 – 8 – 2,” the correct response would be, “2 – 8 – 5 – 1.”  Scores on the 
digit span reflect the longest string of numbers that the child was able to recall.  
Results 
Descriptive Statistics of the First-Grade Sample 
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 The participating children were assessed at two time points: fall (Time 1) and spring 
(Time 2) of the first-grade year.  Of the 87 participants, three children did not complete the 
Head-Toes-Knees-Shoulders (HTKS) task, one did not complete the Math Strategy (MATH) task 
at Time 1, two did not complete the MATH task at Time 2, one did not complete the free-recall 
with organizational training (FRT) task at Time 1, and one student did not complete FRT at Time 
2.  Accordingly, their data have been excluded when appropriate. 
Memory.  On the baseline trial of the FRT task in the fall, children recalled an average of 
9.31 items (range = 4 – 16, SD = 2.62), had an average Sort ARC score of -0.11 (SD = 0.35), 
and an average Cluster ARC score of 0.34 (SD = 0.50).  On the generalization trial, children 
recalled an average of 10.23 items (range = 3 – 16, SD = 3.10), had an average Sort ARC score 
of 0.52 (SD = 0.59), and an average cluster ARC score of 0.74 (SD = 0.36).   On the baseline 
trial in the spring of the first grade year, children recalled an average of 10.72 items (range = 5 – 
16, SD = 3.08), had an average Sort ARC score of 0.34 (SD = 0.60), and an average Cluster 
ARC score of 0.57 (SD = 0.39).  On the generalization trial, children recalled an average of 9.72 
items (range = 2 – 16, SD = 3.78) items, had an average Sort ARC score of 0.58 (SD = 0.59), 
and an average Cluster ARC score of 0.66 (SD = 0.56).  
 Pearson product-moment correlations were conducted to examine the relation between 
students’ recall and their sorting and clustering behaviors.  As can be seen in Table 3, positive 
correlations between sorting, clustering, and recall were observed, such that sorting (rs ranging 
from 0.55 to 0.71) and clustering (rs ranging from 0.32 to 0.46) were significantly correlated 
with recall at every trial of both time points (significant at the 0.01 level for all).  This indicates a 
moderate to strong correlation between students’ use of organizational strategies and their recall, 
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such that students who engaged in more sorting and clustering recalled more items than students 
who engaged in fewer strategic behaviors.  
Mathematics.  The MATH task was used to assess children’s mathematics performance, 
both in terms of both accuracy and strategy use.  In the fall, children answered an average of 8.39 
(range = 4 – 10, SD = 1.70) problems correctly, and used back-up strategies to solve a problem 
an average of 6.24 times across all 10 problems (SD = 2.43).  When children used a strategy to 
solve a problem in the fall, they were able to produce the correct answer 88% of the time (range 
= 0-100%, SD = 30%).  Children were especially skillful in the use of decomposition.  Indeed, 
when students used decomposition they produced the correct answer 92% of the time (range = 0-
100%; SD = 0.19). 
Similarly, in the spring, children answered an average of 8.99 (range = 4 – 10, SD = 
1.39) problems correctly, and used backup strategies to solve a problem 5.85 times across all 10 
problems (SD = 2.48).  When children used a strategy to solve a problem in the spring, they were 
able to reach the correct answer 88% (range = 0-100%; SD = 19%) of the time, and when 
decomposition was used, children produced the correct answer 91% of the time (range = 0-
100%; SD = 22%).  
Ancillary Measures.  In addition to measures of memory and mathematics performance, 
the HTKS task was used to assess children’s executive functioning skills during the fall of the 
first-grade year (Time 1).  Scores ranged from 13 – 40, with an average score of 33.74 (SD = 
4.32).  This reflects a moderately high level of children’s executive functioning as measured by 
this task.   
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Finally, in order to control for differences in children’s short-term and working memory 
skill that may influence their performance on the MATH and FRT tasks, the forward and 
backward versions of the Digit Span task (McCarthy, 1972) were administered in the fall.  The 
average score on the forward Digit Span was 5.23 (range = 3 – 8, SD = 0.93) and the average 
score on the backwards Digit Span was 3.22 (range = 0 – 5, SD = 0.77).  This indicates that, on 
average, children were able to accurately recall a string of five numbers in order, and an average 
of three numbers in reverse order.  
Descriptive Statistics of the Classroom Context 
 The Taxonomy of Teacher Behaviors allowed for the identification of specific behaviors 
across 1,680 30-second intervals of teacher-led instruction in 14 first-grade classrooms.  See 
Table 2 for an overview of the Taxonomy.  Five summary codes, drawn from previous work by 
Coffman et al. (2008), were created in order to analyze the amount of time teachers engaged in 
each type of language during the course of instruction: (1) instructional activities, (2) cognitive 
structuring activities, (3) memory requests, and (4) provision or solicitation of metacognitive 
information.  Table 4 provides an overview of the types of teacher talk averaged across all 14 
classrooms.  As would be expected, teachers spent a substantial amount of time providing 
instruction, with 89.8% of the intervals containing some form of instructional language.  More 
specifically, teachers frequently engaged in the provision of general information giving (81.1%) 
and specific task instruction (36.5%).   
 Table 4 also shows that teachers devoted a considerable amount of class time to cognitive 
structuring activities, as 51.0% of all coded intervals included at least one cognitive structuring 
activity.  Indeed, much teacher talk was dedicated to attention regulation (24.6% related to 
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instruction), emphasizing the similarities and differences between two or more objects or 
concepts (15.7%), and relating current classroom activities to past experiences at school (11.8%).  
Memory requests were also frequent, occurring in 65.8% of intervals.  Teachers asked children to 
recall information in both semantic (63.1%) and episodic (2.0%) memory domains, and to 
remember academic information in anticipation of future memory assessments (3.0%).  In 
contrast to instructional activities, cognitive structuring activities, and memory requests, teachers 
provided metacognitive information relatively infrequently (16.7%).  A little more than half of 
these intervals contained strategy suggestions (9.7%), and 8.3% included metacognitive 
questions.   
 In addition to the five summary codes, a subset of three component codes was also 
created in order to further analyze the mnemonic orientation of the participating teachers.  
Specifically, these codes included (1) the co-occurrence of memory requests and instructional 
activities, (2) the co-occurrence of memory requests and cognitive structuring activities, and (3) 
the co-occurrence of memory requests and metacognitive information.  The extent to which 
teachers utilized these techniques varied across classrooms.  As can be seen in the bottom panel 
of Table 4, the use of memory requests and instructional activities ranged from 38.3% to 76.7% 
and the degree to which memory requests and cognitive structuring activities co-occurred varied 
between 15.8% and 54.2%.  The provision of memory requests and metacognitive information, 
however, occurred much less frequently (range = 1.7% - 20.8%). 
 Such widespread variability between classrooms allowed for the construction of a 
measure of individual CPL usage.  As Coffman et al. (2008) explain, CPL reflects the frequency 
of (1) strategy suggestions and (2) metacognitive questions, as well as the co-occurrence of 
memory requests and (3) instructional activities, (4) cognitive structuring activities, and (5) 
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metacognitive information across all of the coded intervals for each teacher.  As indicated above, 
the average rates of occurrence of these five codes varied substantially across the 14 classrooms, 
and, as such, it was necessary to calculate standard scores for each code before creating a 
composite index.  Each code was standardized according to its mean and standard deviation and 
the resulting T scores for each of the five measures were averaged to generate a CPL score.  The 
mean and the median of the T scores was 50 (SD = 7), with a range of 37 to 60.  In order to 
compare differences across classrooms, the teachers were divided into “high-CPL” and “low-
CPL” groups using a 7 by 7 split based on their individual CPL scores.  Out of the whole first 
grade sample, 46 children had high-CPL teachers and 41 children had low-CPL teachers.  
Linking CPL and Student Outcomes   
In an effort to further isolate the effect of teachers’ usage of CPL on strategy use in the 
context of memory and mathematics, children’s scores on the forward and backward Digit Span 
tasks (McCarthy, 1972) were analyzed as a function of classroom environment.  Importantly, 
there were no significant differences in children’s general memory capacity across high and low-
CPL classrooms.  On the forward Digit Span, children in low-CPL classrooms had an average 
score of 5.17 (SD = 0.91), and children in high-CPL classrooms had an average score of 5.28 
(SD = 0.96).  These differences were not statistically significant: t(85) = -0.55, p = 0.58.  
Similarly, on the backwards Digit Span, children of low-CPL teachers had an average score of 
3.24 (SD = 0.66), and children of high-CPL teachers had an average score of 3.20 (SD = 0.86), 
and these differences were not significant: t(85) = 0.29, p = 0.77.  There were also no significant 
differences between children in high- and low-CPL classrooms in terms of executive 
functioning, as measured by the Head-Toes-Knees-Shoulders (HTKS) task.  In low-CPL 
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classrooms, the average score was 33.83 (SD = 3.10), and in high-CPL classrooms, the average 
score was 33.66 (SD = 5.24); t(82) = 0.07, p = 0.95.  
Free Recall with Organizational Training (FRT) Task.  Children’s performance on the 
FRT task was analyzed in terms of the number of items remembered and the degree to which 
students engaged in organized sorting during study and recall, as reflected by ARC scores 
(Roenker, Thompson, & Brown, 1971).  In the fall on the baseline trial, Children in low-CPL 
classrooms recalled an average of 9.50 items (SD = 2.48), and children in high-CPL classrooms 
recalled an average of 9.13 items (SD = 2.76).  This difference was not statistically significant: 
t(85) = 0.67, p = 0.50.  Children in low-CPL classrooms averaged a Sort ARC score of -0.14 (SD 
= 0.31), and those in high-CPL classrooms averaged a Sort ARC score of -0.07 (SD = 0.38). This 
difference was not statistically significant: t(85) = -0.86, p = 0.39.  Also in the fall, children in 
low-CPL classrooms averaged a Clustering ARC score of 0.41 (SD = 0.50), and children in high-
CPL classrooms averaged a score of 0.28 (SD = 0.49).  This difference was also not statistically 
significant: t(85) = 1.25, p = 0.22.  In the fall on the generalization trial, children in low-CPL 
classrooms recalled an average of 10.31 items (SD = 2.82), and children in high-CPL classrooms 
recalled an average of 10.16 items (SD = 3.36).  This difference was not statistically significant: 
t(84) = 0.13, p = 0.90.  Children in low-CPL classrooms averaged a Sort ARC score of 0.46 (SD 
= 0.60), and children in high-CPL classrooms averaged a Sort ARC score of 0.57 (SD = 0.57).  
The difference in these scores was not significant: t(84) = -0.92, p = 0.36. Finally, children in 
low-CPL classrooms averaged a Clustering ARC score of 0.73 (SD = 0.34), and children in high-
CPL classrooms averaged a score of 0.75 (SD = 0.37).  This difference was not significant: t(84) 
= -0.33, p = 0.69.   
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In the spring on the baseline trial, children in low-CPL classrooms recalled an average of 
10.48 items (SD = 2.97), and children in high-CPL classrooms recalled an average of 10.96 items 
(SD = 3.20).  This difference was not statistically significant: t(84) = -0.63, p = 0.53.  Children in 
low-CPL classrooms averaged a Sort ARC score of 0.32 (SD = 0.60), and children in high-CPL 
classrooms averaged a Sort ARC score of 0.37 (SD = 0.60).  This difference was not statistically 
significant: t(84) = -0.52, p = 0.60.  Children in low-CPL classrooms averaged a Clustering ARC 
score of 0.56 (SD = 0.38), and children in high-CPL classrooms averaged a Clustering ARC 
score of 0.59 (SD = 0.40).  This difference was not statistically significant: t(84) = -0.33, p = 
0.74. In the spring on the generalization trial, children in low-CPL classrooms recalled an 
average of 9.76 items (SD = 3.79), and children in high-CPL classrooms recalled an average of 
9.69 items (SD = 3.82).  This difference was not significant: t(84) = 0.02, p = 0.98.  Children in 
low-CPL classrooms averaged a Sort ARC score of 0.56 (SD = 0.59), and children in high-CPL 
classrooms averaged a Sort ARC score of 0.59 (SD = 0.59).  This difference was not statistically 
significant: t(84) = -0.29, p = 0.77.  Finally, children in low-CPL classrooms averaged a 
Clustering ARC score of 0.65 (SD = 0.44), and children in high-CPL classrooms averaged a 
Clustering ARC score of 0.68 (SD = 0.66). This difference was not statistically significant: t(85) 
= -0.25, p = 0.80. 
Basic Math Solving Strategy (MATH) Task.  In terms of math accuracy, children in 
low-CPL classrooms scored similarly to children in high-CPL classrooms on the MATH 
problem-solving task at Time 1 and Time 2.  At the beginning of the year, students in low-CPL 
classrooms answered an average of 8.39 problems correctly (SD = 1.87), and their peers in high-
CPL classrooms answered an average of 8.35 problems correctly (SD = 1.55).  This difference 
was not statistically significant: t(84) = 0.09, p = 0.93.   At the end of the school year, children in 
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high- and low-CPL classrooms also performed similarly on the MATH problem-solving task: 
children in low-CPL classrooms averaged 8.98 problems correct (SD = 1.51), and children in 
high-CPL classrooms averaged 9.00 problems correct (SD = 1.29).  This difference was not 
statistically significant: t(83) = -0.08, p = 0.94. 
In terms of math strategy usage, in the fall, children in low-CPL classrooms used a back-
up strategy to solve a problem an average of 5.76 times (SD = 2.64), and those in high-CPL 
classrooms did so an average of 6.59 times (SD = 2.33).  This difference in the amount of 
strategy use was not significant: t(85) = -1.56, p = 0.12.  Similarly, when children in low-CPL 
classrooms used a strategy to solve a problem, they were able to reach the correct answer 88.56% 
of the time (SD = 15.87%), and children in high-CPL classrooms were able to do so 87.89% of 
the time (SD = 16.63%).  This difference in effective strategy use was not statistically 
significant: t(82) = 0.19, p = 0.85.  When decomposition was used to solve a problem in the fall, 
children in low-CPL classrooms got the correct answer 91.70% of the time (SD = 16.81%), and 
children in high-CPL classrooms did so 91.90% of the time (SD = 21%). This difference was not 
statistically significant: t(51) = -0.04, p = 0.97.  
 In the spring, children in low-CPL classrooms used a back-up strategy to solve a 
problem an average of 5.66 times (SD = 2.39), and those in high-CPL classrooms did so an 
average of 6.02 times (SD = 2.57).  This difference in the amount of strategy use was not 
significant: t(85) = -0.68, p = 0.50.  When children in low-CPL classrooms used a strategy in the 
spring to solve a problem, they were able to reach the correct answer 88.63% of the time (SD = 
22.10%), and their peers in high-CPL classrooms were able to do so 88.10% of the time (SD = 
15.16%).  This difference in effective strategy use was not statistically significant: t(79) = 0.13, p 
= 0.90.  And when decomposition was used to solve a problem, children in low-CPL classrooms 
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produced the correct answer 87.47% of the time (SD = 24.44%), whereas those in high-CPL 
classrooms did so 93.73% of the time (SD = 20.08%). This difference was not statistically 
significant: t(58) = -1.09, p = 0.28.  
Child-level Factors: Linking Executive Function and Student Outcomes  
 Children’s scores on the HTKS task were used to characterize children’s EF skills.  A 
median split was performed such that children with scores higher than 35 were considered “high-
EF” (n = 43), and those with scores lower than 35 were considered “low-EF” (n = 42).  An 
independent-samples t-test confirmed that there was a significant difference between these 
“high-EF” and “low-EF” groups on both the HTKS task and the backwards Digit Span task, a 
valid measure of working memory.  On the backwards Digit Span task, high-EF children 
averaged a string of 3.43 numbers (SD = 0.77), and low-EF children averaged a string of 3.02 
numbers (SD = 0.64); t(82) = -2.62, p < 0.05.  
Memory.  In terms of memory performance in the fall of the first-grade year, low-EF 
children recalled an average of 8.86 items (SD = 2.84) in the fall on the baseline trial, and high-
EF children recalled an average of 9.70 items (SD = 2.44).  This difference was not statistically 
significant: t(82) = -1.48, p = 0.14.  Low-EF children averaged a Sort ARC score of -0.14 (SD = 
0.32), and high-EF children averaged a Sort ARC score of -0.07 (SD = 0.39).  This difference 
was not significant: t(82) = -0.91, p = 0.37.  Low-EF children averaged a Clustering ARC score 
of 0.36 (SD = 0.54), and high-EF children averaged a Clustering ARC score of 0.32 (SD = 0.47).  
This difference was not statistically significant: t(82) = 0.36, p = 0.72. 
On the generalization trial, low-EF children recalled an average of 9.54 items (SD = 
3.01), and high-EF children recalled an average of 10.84 items (SD = 2.98).  This difference was 
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not statistically significant: t(81) = -1.87, p = 0.07.  Low-EF children averaged a Sort ARC score 
of 0.43 (SD = 0.60), and high-EF children averaged a Sort ARC score of 0.59 (SD = 0.57).  This 
difference was not significant: t(81) = -1.18, p = 0.24.  Low-EF children averaged a Clustering 
ARC score of 0.72 (SD = 0.37), and high-EF children averaged a Clustering ARC score of 0.76 
(SD = 0.34).  This difference was not statistically significant: t(81) = -0.44, p = 0.66. 
In the spring on the baseline trial, low-EF children recalled an average of 10.36 items (SD 
= 3.11), and high-EF children recalled an average of 11.05 items (SD = 3.10).  This difference 
was not statistically significant: t(81) = -1.12, p = 0.27.  Low-EF children averaged a Sort ARC 
score of 0.21 (SD = 0.57), and high-EF children averaged a Sort ARC score of 0.49 (SD = 0.60).  
This difference was statistically significant: t(81) = -2.14, p = 0.04.  Low-EF children averaged a 
Clustering ARC score of 0.54 (SD = 0.40), and high-EF children averaged a Clustering ARC 
score of 0.61 (SD = 0.40).  This difference was not statistically significant: t(81) = -0.83; p = 
0.41.  On the generalization trial, low-EF children recalled an average of 8.93 items (SD = 3.53), 
and high-EF children recalled an average of 10.55 items (SD = 3.80).  This difference was 
statistically significant: t(81) = -1.96, p = 0.05.  Low-EF children averaged a Sort ARC score of 
0.47 (SD = 0.62), and high-EF children averaged a Sort ARC score of 0.68 (SD = 0.54).  This 
difference was not statistically significant: t(81) = -1.57, p = 0.12.  Low-EF children averaged a 
Clustering ARC score of 0.62 (SD = 0.60), and high-EF children averaged a Clustering ARC 
score of 0.69 (SD = 0.54).  This difference was not statistically significant: t(81) = -0.47, p = 
0.64. 
Mathematics.  In terms of mathematics performance, children’s accuracy did not vary as 
a function of their executive function skills in the fall, such that low-EF children answered an 
average of 8.07 problems (SD = 1.77) correctly, and high-EF children answered an average of 
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8.69 problems (SD = 1.47) correctly.  This difference was not statistically significant: t(81) = -
1.73, p = 0.09.  By the end of the year, there was also no significant difference between high-EF 
(M = 9.22, SD = 0.99) and low-EF (M = 8.85, SD = 1.56) children: t(80) = -1.27, p = 0.21.   
In terms of math strategy usage, in the fall, low-EF children used a back-up strategy to 
solve a problem an average of 6.21 times (SD = 2.61), and high-EF children did so an average of 
6.38 times (SD = 2.29).  This difference was not statistically significant: t(82) = 0.31, p = 0.76.  
Also in the fall, when low-EF children used a strategy to solve a problem, they were able to 
reach the correct answer 84.45% of the time (SD = 16.29%), and high-EF children were able to 
do so 91.21% of the time (SD = 15.76%).  This difference approached significance: t(80) = -1.91, 
p = 0.06.  When decomposition was used to solve a problem in the fall, low-EF children got the 
correct answer 90.39% of the time (SD = 24.53%), and high-EF children did so 92.09% of the 
time (SD = 16.43%).  This difference was not statistically significant: t(49) = -0.30, p = 0.77.  
 In the spring, low-EF children used a back-up strategy to solve a problem an average of 
6.02 times (SD = 2.42), and high-EF children did so an average of 5.86 times (SD = 2.44).  This 
difference was not statistically significant: t(82) = 0.31, p = 0.75. Also in the spring, when low-
EF children used a strategy to solve a problem, they were able to reach the correct answer 
88.28% of the time (SD = 16.68%), and high-EF children were able to do so 88.67% of the time 
(SD = 20.70%).  This difference was not statistically significant: t(77) = -0.09, p = 0.93.  When 
decomposition was used to solve a problem in the spring, low-EF children got the correct answer 
87.96% of the time (SD = 28.82%), and high-EF children did so 92.03% of the time (SD = 
17.00%).  This difference was not statistically significant: t(56) = -0.67, p = 0.50.   
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Interplay between Teacher CPL Usage and Student Executive Function 
 In addition to considering the individual effect of teachers’ instructional language and 
children’s executive functioning on children’s memory and mathematics performance, it is 
important to consider how these two variables interact to jointly influence student outcomes.  In 
this study, there were four possible combinations of teachers’ use of CPL and student executive 
function: 1) Low-CPL X Low-EF, 2) Low-CPL X High-EF, 3) High-CPL X Low-EF, and 4) 
High-CPL X High-EF. 
Memory.  In terms of memory, two-way ANOVAs revealed no main effects of CPL or 
EF, nor any interactions between CPL and EF on FRT recall in the fall or in the spring.  
However, in the spring on the baseline trial of FRT, there was a significant interaction effect of 
Teacher CPL and Student EF on Sort ARC scores: F(1, 79) = 4.74, p < 0.05.  Students in the 
“Low-CPL / Low-EF” group averaged a Sort ARC score of 0.09 (SD = 0.53), students in the 
“Low-CPL / High-EF” group averaged a score of 0.58 (SD = 0.57), students in the “High-CPL / 
Low-EF” group averaged a score of 0.32 (SD = 0.60), and students in the “High-CPL / High-EF” 
group averaged a score of 0.41 (SD = 0.62).  See Table 5 for a complete listing of each main 
effect and interaction.   
  Mathematics.  In terms of mathematics accuracy, two-way ANOVAs revealed no main 
effects of Teacher CPL (F(1, 78) = 0.32, p = 0.73) or student EF (F(1, 78) = 1.45, p = 0.24) on 
MATH task accuracy, and no significant interactions between CPL and EF (F(1,78) = 0.78, p = 
0.46).  In terms of mathematics strategy use, no significant main effects or interactions between 
CPL and EF were found in the fall.  There were no main effects of CPL on children’s total 
strategy use (F(1, 47) = 0.94, p = 0.34), percent of problems correct when a strategy was used 
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(F(1, 47) = 0.14, p = 0.72), or on the percent of problems correct when decomposition was used 
(F(1, 47) = 0.19, p = 0.67).  There were no main effects of EF on children’s total strategy use 
(F(1, 47) = 1.80, p = 0.19), percent of problems correct when a strategy was used (F(1, 47) = 
0.19, p = 0.89), or on the percent of problems correct when decomposition was used (F(1, 47) = 
0.26, p = 0.87).  There were also no interaction effects found between CPL and EF in the fall in 
terms of total strategy use (F(1, 47) = 1.32, p = 0.26), percent of problems correct when a 
strategy was used (F(1, 47) = 0.95, p = 0.33), or on the percent of problems correct when 
decomposition was used (F(1, 47) = 1.60, p = 0.21).   
 In the spring, there were also no significant main effects of CPL or EF on mathematics 
strategy use, nor were there any significant interactions between CPL and EF.  There were no 
main effects of CPL on children’s total strategy use (F(1, 54) = 0.03, p = 0.856), percent of 
problems correct when a strategy was used (F(1, 54) = 0.04, p = 0.85), or on the percent of 
problems correct when decomposition was used (F(1, 54) = 0.46, p = 0.50).  There were no main 
effects of EF on children’s total strategy use (F(1, 54) = 0.43, p = 0.52), percent of problems 
correct when a strategy was used (F(1, 54) = 0.03, p = 0.87), or on the percent of problems 
correct when decomposition was used (F(1, 54) = 0.41, p = 0.53).  Finally, there were no 
significant interaction effects between CPL and EF in the spring on total strategy use (F(1, 54) = 
0.00, p = 0.99), percent of problems correct when a strategy was used (F(1, 54) = 0.32, p = 0.57), 
or on the percent of problems correct when decomposition was used (F(1, 54) = 1.67, p = 0.20). 
Discussion 
The aims of the current study were to investigate the individual and joint effects of 
environmental and child-level factors on strategy use in memory and mathematics over the 
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course of the first-grade year.  Student outcomes were analyzed as a function of (1) teacher CPL 
usage and (2) student executive function.  The interplay of teacher CPL and student EF was also 
examined.  Four main research questions were investigated: (1) How much do teachers naturally 
vary in the amount of the CPL they incorporate into mathematics instruction? (2) Is instruction 
that is rich in CPL associated with a higher level of student strategy use in the context of memory 
or mathematics? (3) In what ways is executive function associated with student performance? 
Finally, (4) does child-level executive function at all moderate the effects of CPL on student 
outcomes?   
In accordance with these research questions, three hypotheses were proposed: (1) 
Students with high-CPL teachers would be more adept at utilizing strategies in memory and math 
than students in low-CPL classrooms; (2) High-EF children would perform better on measures of 
mathematics performance than would low-EF students, regardless of classroom environment; 
and (3) low-EF children in high-CPL classrooms would outperform low-EF children in low-CPL 
classrooms on measures of strategy use and math performance.   
Interestingly, the results of this study only provided support for one of these hypotheses: 
low-EF children in high-CPL classrooms did, in fact, outperform low-EF students in low-CPL 
classrooms on one measure of memory strategy use by the end of the first grade year.   
Teacher CPL Usage 
Replicating previous results in this field, teachers did, in fact, vary in the amount of CPL 
that they provided during mathematics instruction.  Moreover, consistent with prior research 
(e.g., Moely et al., 1992; Coffman et al., 2008), teachers provided metacognitive instruction 
relatively infrequently (in 16.7% of all intervals), as compared to other types of instruction such 
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as general information giving (81.1%) or memory requests (65.8%).  Interesting to note, 
however, is that the amount of metacognitive information provided by teachers in this study was 
considerably higher than it has been in previous studies.  For example, explicit strategy 
suggestion was provided in fewer than 3% of all intervals in the Moely et al. (1992) study, and 
metacognitive instruction was observed in only 9.5% of intervals in the Coffman et al. (2008) 
study.  In a study done by Hudson, Coffman, and Ornstein (2016), data collected in 2008 
indicates that the rates of occurrence of these types of language were very similar to the levels 
observed earlier: teachers used strategy suggestions in only 4.02% of intervals, and asked 
metacognitive questions in 5.49% of them.  Given that each of these studies was conducted 
several years ago, it is entirely possible that there has been a shift in the ways in which teachers 
are trained to teach certain concepts, especially in mathematics.  As a result, they could naturally 
be providing more strategic instruction than they traditionally have in the past.  
Linking CPL and Student Outcomes 
The results of this investigation did not provide support for the hypothesis that children in 
high-CPL classrooms would perform better on measures of memory or mathematics, nor that 
they would be more adept at using memory or math strategies than children in low-CPL 
classrooms.  There were no significant differences at any time point between children’s recall or 
the extent to which they used organizational strategies as a function of teachers’ CPL. Similarly, 
there were no significant differences between children’s mathematics performance as a function 
of teachers’ use of CPL during instruction.  Indeed, regardless of classroom context, children 
performed similarly in terms of mathematics accuracy, as well as the number of times a strategy 
was used, the number of times a strategy was used correctly, and the number of times the 
decomposition strategy was successfully used in both the fall and spring. 
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 Despite a large body of literature supporting the effects of CPL on student memory skills 
and mathematics performance (e.g., Coffman et al., 2008; Grammer et al., 2013; Hudson, 
Coffman, Ornstein, 2016), no significant effects in either domain were observed in the context of 
this study.  There are several possibilities for why this might have occurred.  For one, in this 
study the calculation of the CPL scores was based on one hour of instruction for each teacher 
that was collected entirely from mathematics lessons.  In this regard, it is important to note that 
this experiment took place in the context of a larger study, in which language arts lessons were 
also observed.  Mathematics instruction is a fairly distinct type of teaching, and so it is possible 
that teachers could have had a different instructional style in language arts.  If it is indeed the 
case that teachers’ use of CPL varies according to subject, it may be necessary to characterize 
instructional style by using a composite measure of teachers’ language during math and language 
arts instruction.  It is also possible that the skills learned in language arts are more comparable to 
those drawn upon when performing the FRT task, and so a characterization of teacher language 
that used data from language arts may have been more closely related to these types of general 
memory skills.    
It is also important to note that a broad range of mathematical lessons was observed 
throughout the school year.  The subject material covered in these lessons encompassed a wide 
array of mathematical concepts.  Many of the lessons observed covered geometry, telling time, 
and counting by tens, but the task that was used to measure mathematical performance in the 
context of this study focused specifically on addition.  In the future, if we continue to use this 
MATH problem-solving task to assess children’s mathematical proficiency and strategy use, it 
may be wise to focus our classroom observations on lessons where these specific concepts (e.g., 
basic single-digit addition) are being taught.  This would allow us to more accurately reflect 
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teachers’ instructional styles and strategic language when they are teaching about the things that 
we are testing.  Other options might be to include additional mathematics tasks in our child 
assessments that include concepts other than addition, or to use some sort of standardized math 
measure at both time points, to measure mathematical proficiency more broadly and to 
characterize growth across the first-grade school year.   
Child-Level Factors: Linking Executive Function and Student Outcomes 
An extensive body of literature supports the link between children’s executive 
functioning and academic success (e.g., Duckworth & Seligman, 2005; Ponitz et al., 2009), and 
the results of this study provide some additional evidence that executive function may be related 
to effective memory strategy use as well.  In the fall of first grade, there were no significant 
differences in the students’ mathematics or memory performance in relation to their executive 
functioning skills on mathematics or memory performance.  However, in the spring, children’s 
performance in the context of a memory task, but not a math task, varied as a function of 
executive function.  More specifically, on the baseline trial of the FRT task, there was a 
significant difference in Sort ARC scores such that those students who were high in EF had 
significantly higher Sort ARC scores than did their low-EF peers.  This indicates that those 
students with higher levels of executive functioning engaged in more strategic sorting behaviors 
when trying to remember the names of the 16 pictures, and potentially also indicates a more 
advanced ability to employ deliberate strategies in the service of a memory goal.  In addition, 
following a training trial in which children are instructed in the use of organizational strategies, 
children characterized as high in executive function recalled significantly more items than their 
peers characterized as low in executive function.  This may suggest that children who are 
classified as high in EF are better able to make use of organized sorting, as evidenced by 
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increased recall.  Both of these findings are in line with research by Monette, Bigras, and Guay 
(2011), who found that executive functioning can be linked to memory.  Interestingly, despite 
research from multiple sources indicating a positive relationship between EF and mathematics 
performance (e.g., McClelland et al., 2007; St. Clair-Thompson & Gathercole, 2006), no effects 
were found in the context of this experiment for mathematics accuracy or for mathematics 
strategy use.  
Joint Effects of Teacher CPL Usage and Student EF 
Finally, in an effort to examine the interplay between classroom-level and child-level 
variables, we analyzed the joint effects of teachers’ use of CPL and student EF on students’ 
outcomes in memory and math.  Despite students performing similarly in the fall, in the spring, a 
significant interaction effect of teacher CPL and student EF was observed on Sort ARC scores on 
the baseline trial of the FRT task.  As can be seen in Figure 5, this effect appeared to be strongest 
in the context of low-EF children, such that children characterized as low in EF taught by high-
CPL teachers engaged in organized sorting significantly more often than their low-EF peers 
taught by low-CPL teachers.  Because these group differences were not observed in the fall, it is 
possible that the classroom environment may have played a significant role in promoting 
deliberate strategic behaviors in the context of a memory task among low-EF children.  Although 
these findings are correlational in nature, they provide initial evidence to suggest that high-CPL 
teachers may be especially beneficial in terms of the development of strategic memory behaviors 
of low-EF children.   
This finding is certainly intriguing, and raises several questions about the potential for the 
classroom environment to moderate the effects of EF on student achievement.  Given that 
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previous findings (e.g., McClelland et al., 2007; Ponitz et al., 2009) have demonstrated that 
children who are lower in executive function often have a harder time succeeding in school, this 
finding could mean that these children could begin to overcome these deficits if they are 
provided with an enriching instructional environment.  For example, a low-EF child could be 
well served by learning from a teacher who makes ample use of the metacognitive-rich language 
reflected in measures of CPL, thus leading to an increased ability to remember new information. 
Strengths and Limitations  
The holistic nature of the current study allowed for the analysis of a broad range of 
children’s cognitive skills, as well as aspects of the environmental context and child-level factors 
that may influence student performance.  Indeed, this study is unique because it was able to 
capture both classroom-level environmental factors and child-level individual factors that may 
affect performance outcomes in both memory and in mathematics.  Further, the wide variety of 
tasks administered during the child assessments made it possible to identify and control for 
potential differences in children’s cognitive development that may have influenced these 
achievement outcomes.  Despite these strengths, key limitations must be addressed.   
As was mentioned previously, the data for this study were drawn from a larger 
longitudinal examination of the effects of teachers’ instructional language on children’s 
cognitive outcomes.  As suggested above, it may be necessary to examine teachers’ instruction in 
language arts in addition to their instruction in math to more fully capture instructional style.  In 
addition, children also completed a much wider battery of tasks than the ones included in this 
study.  In particular, children completed the mathematics Calculation subscale of the Woodcock-
Johnson Tests of Achievement IV (Woodcock, McGrew, & Mather, 2001), but these data were 
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only collected in the fall, limiting our ability to examine performance across the year.  In 
addition, children completed the object memory (OBJ) task, a timed deliberate memory task 
involving a set of 15 stimulus objects.  It is possible that there could have been observed effects 
of teacher CPL and/or student EF on some of these tasks, given that only FRT and MATH were 
focused on in this particular study. 
 In addition to task-specific limitations, our efforts to characterize teachers’ instructional 
language and students’ EF skills may also need to be reconsidered.  Teacher CPL and student EF 
each vary continuous along a continuum rather than in discrete categories, so it is possible that 
some nuances of the data were lost when students and teachers were characterized as “high” and 
“low” CPL / EF after using a median split.  Future research may want to focus on classifying 
each of these constructs continuously instead of as distinct “high” and “low” groups.  In addition, 
it is possible that more sophisticated analyses may be necessary to further determine the effects 
of CPL and/or EF on memory and/or math that might not have been reflected in this study, due 
to the fact that children were nested into specific classroom groups.  
Finally, perhaps one of the most significant limitations of this particular study had to do 
with the difficulty of the MATH task.  Because so many children were nearing perfect scores on 
the task at the beginning of the year (averaging 8.39 problems correct out of 10 in the fall), it was 
difficult to observe any sort of growth or improvement on measures of performance or strategy 
use.  Indeed, a ceiling effect was observed by the spring, when children answered an average of 
8.99 problems correctly out of 10.  This is likely a reflection of the advancement of mathematics 
instruction in schools, indicating that children are mastering basic addition facts earlier in school 
(in preschool or kindergarten, as opposed to first grade) than was the case even 10 years ago.  
When the MATH task was developed by Siegler (1989), it was probably a much more accurate 
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reflection of children’s math abilities, and was able to illustrate cognitive growth across the 
school year.  Going forward, a more challenging math task (maybe one with two-digit addition 
or subtraction) could be considered for use. 
Implications and Future Directions 
Through this investigation, a few pieces of evidence have been found to highlight the 
importance of both the classroom context and children’s individual executive functioning skills 
on the development of memory strategies.  The results of this study introduce the potential for 
further investigation into the ways in which student-level factors and the classroom environment 
interact to influence student outcomes. The interaction effect that was found is exciting because 
it indicates a potential moderating factor of the classroom environment on students’ own 
personal levels of executive functioning – something that has been shown to hinder children’s 
performance when it is low, but that, according to these findings, could be helped by children 
being in an instructional environment that is rich in metacognitive instruction.  
 In terms of future research, one avenue worth exploring is the possibility of training 
teachers to incorporate more high-CPL language into their instruction, given that it has been 
shown to improve student outcomes (e.g., Coffman et al., 2008; Grammer et al., 2013), and now 
to potentially mediate the effects of low executive functioning on student performance.  If 
teachers who are currently considered “low-CPL” can in fact be taught to become “high-CPL,” 
and if these changes in classification prove to have an impact on student performance, then 
serious consideration could be given to the implementation of wider-scale teacher training in 
schools.  Similarly, in the future researchers could seek to better understand student executive 
functioning in the context of the classroom.  If there are ways that teachers could help instruct 
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students in how to improve their own levels of executive functioning, it could lead to students 
being able to perform better in the context of both memory and academic achievement.   
Conclusion 
 This study was an important step in the direction of studying the interplay between 
student-level and classroom-level factors in the context of both memory and mathematics.  
Although only one of the hypotheses was supported by evidence, the interaction effect that was 
found is intriguing, and provides a basis for future research to further explore the connections 
between these two constructs.  If teachers can be instructed in how to increase their provision of 
metacognitive-rich language, and students can be instructed in how to increase their personal 
levels of executive functioning, the potential exists for numerous meaningful improvements in 
the context of student performance.  
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Table 1. Math Strategies 
Strategy Code Description of How Strategy Might be Used 
to Solve 3+5 
1 = SUM The child counts, “1, 2, 3” (usually on fingers), 
then “1, 2, 3, 4, 5,” then counts all fingers 
together: “1, 2, 3, 4, 5, 6, 7, 8.” 
2 = SHORTCUT SUM The child counts: “1, 2, 3, 4, 5, 6, 7, 8.” 
(Automatically combines the 3 and the 5). 
3 = MAX (counting on from the smaller 
addend) 
The child holds 3 in her mind or on her fingers, 
then counts: “4, 5, 6, 7, 8.” 
4 = MIN (counting on from the larger addend) The child holds 5 in his mind or on his fingers, 
then counts: “6, 7, 8.” 
5 = FINGER RECOGNITION The child holds up 3 fingers on one hand, 5 
fingers on the other hand, looks at all of her 
fingers (without any counting), then says: “8.” 
6 = DECOMPOSITION The child explains that he knows the answer to 
3+5 is 8 because he knows that 5+5=10, and 
since 3 is 2 less than 5, the answer is 2 less 
than 10. 
7 = RETRIEVAL The child responds within 4 seconds, and says 
that she, “Just knew the answer.” 
8 = GUESS The child clearly does not know the answer to 
the problem, and quickly says that 3+5 is “82.” 
9 = OTHER The child manipulates the numbers in a 
systematic, if incorrect, way.  E.g., “3+5=35.” 
10 = NO RESPONSE The child asks to skip the problem, or does not 
provide a response even after repeated requests 
to do so. 
11 = UNCLASSIFIABLE It is clear that the child has used one of the 
above strategies (1-6), but it cannot be 
determined, based on his explanation or on his 
observed behavior, which of the strategies was 
employed. 
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Table 2.   
Taxonomy of Teacher Behaviors.  
Category Definition 
   Non-instruction The teacher is not engaged in a memory or instructional activity 
Instructional activities   
   Book reading Reading aloud to the group 
   General information giving Presentation of factual information 
   Prospective summary Description of upcoming events 
   Specific task information Instructions for performing a particular task 
Cognitive structuring   
   Attention regulation: Directing or focusing student's attention 
         Behavioral goal      to reprimand or guide behavior 
         Instructional goal      to instruct or guide attention to do a task 
   Massed repetition Performance of an activity in unison 
   Identifying features Generating features of a category i.e.: parts of a bug 
   Categorization Verbally or physically putting class material into categories 
   Identifying relationships Comparison of at least 2 items, emphasizing similarities and differences 
   Connections to personal 
                 experiences: Associating a prior experience to a current classroom activity 
        Home       outside of school  
        School      in school 
   Drawing inferences Predicting an outcome or intentions or desires of another 
   Visual imagery Creating visual mental images that relates to the material 
Memory requests   
   Episodic Retrieval of a specific past event in or out of the classroom  
   Semantic Retrieval of an already learned fact, idea, or object 
   Procedural How to perform a series of activities with a behavioral goal 
   Prospective  Non-instructional task to be completed in the future 
   Anticipated Expectation for child to remember information w/o a given strategy  
Metacognitive instruction   
   Metacognitive rationale Provides rationale for strategy use or for organizing or self-regulation 
   Metacognitive questioning Asks child to provide potential strategy or rationale for strategy choice 
   Suggestion Recommends a method for remembering information 
   Suppression Asks student to refrain from using an unhelpful or inappropriate method 
   Replacement Recommends an alternative strategy 
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Table 3.   
Correlations Between Recall and Sorting and Clustering, Individually 
 
 Sorting Clustering 
Correlations with Recall   
Time 1 Trial 1 0.56** 0.46** 
Time 1 Trial 3 0.68** 0.32** 
Time 2 Trial 1 0.71** 0.46** 
Time 2 Trial 3 0.56** 0.34** 
** Correlation is significant at the 0.01 level (2-tailed) 
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Table 4.   
Overall Percent Occurrence of Teacher Behaviors 
                    Taxonomy Codes Overall % Occurrence Range across teachers 
Non-Instructional/Non-Memory Relevant   1.6% 0.0% - 8.3% 
   
Instructional Activities – Category Total 89.8% 79.2% - 97.5% 
     Book Reading 1.5% 0.0% - 10.8% 
     General Information Giving 81.1% 70.8% - 92.5% 
     Prospective Summary   1.8% 0.0% - 4.2% 
     Specific Task Information 36.5% 16.7% - 52.5% 
   
Cognitive Structuring – Category Total 51.0% 33.3% - 69.2% 
     Attention Regulation- Behavioral Goal 6.7% 1.7% - 12.5% 
     Attention Regulation- Instructional Goal 24.6% 13.3% - 40.0% 
     Massed Repetition   6.0% 0.8% - 15.8% 
     Identifying Features   4.8% 0.0% - 21.7% 
     Categorization   0.0% 0.0% - 0.0% 
     Identifying Relationships   15.7% 3.3% - 27.5% 
     Connections- Personal Experiences at Home   1.5% 0.0.% - 5.8% 
     Connections- Personal Experiences at  School   11.8% 4.2% - 25.83% 
     Drawing Inferences   0.4% 0.0% - 2.5% 
     Visual Imagery   0.2% 0.0% - 1.6% 
   
Memory Requests – Category Total 65.8% 45.0% - 82.5% 
     Episodic   2.0% 0.0% - 9.2% 
     Semantic 63.1% 42.5% - 81.7% 
     Procedural   0.3% 0.0% - 0.8% 
     Prospective   0.2% 0.0% - 0.8% 
     Anticipated   3.0% 0.0% - 11.7% 
   
Metacognitive Instruction – Category Total   16.7% 5.8% - 40.8% 
     Metacognitive Rationale   1.6% 0.0% - 5.0% 
     Metacognitive Questioning   8.3% 0.0% - 18.3% 
     Suggestion   9.7% 2.5% - 24.17% 
     Suppression   0.1% 0.0% - 0.8% 
     Replacement   0.1% 0.0% - 0.8% 
   
Co-occurrence of Memory Requests with:   
     Instructional Activities 58.6% 38.3% - 76.7% 
     Metacognitive Information 9.6% 1.7% - 20.8% 
     Cognitive Structuring Activities 34.8% 15.8% - 54.2% 
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Table 5.  
Main Effects and Interactions Between CPL and EF on Sort and Clustering ARC Scores 
 
 Sort ARC Clustering ARC 
 
Time 1 Trial 1 
 
CPL: F(1, 80) = 0.60, p = 0.44 
 
CPL: F(1, 80) = 1.19, p = 0.28 
  
EF: F(1, 80) = 0.75, p = 0.39 
 
EF: F(1, 80) = 0.10, p = 0.75 
  
Interaction: F(1, 80) = 0.002, p = 
0.96 
 
Interaction: F(1, 80) = 0.18, p = 
0.67 
 
Time 1 Trial 3 
 
CPL: F(1, 79) = 0.29, p = 0.59 
 
CPL: F(1, 79) = 0.00, p = 0.99 
  
EF: F(1, 79) = 1.24, p = 0.27 
 
EF: F(1, 79) = 0.14, p = 0.71 
  
Interaction: F(1, 79) = 0.40, p = 0.53 
 
Interaction: F(1, 79) = 3.71, p = 
0.06 
 
Time 2 Trial 1 
 
CPL: F(1, 79) = 0.10, p = 0.75 
 
CPL: F(1, 79) = 0.15, p = 0.71 
  
EF: F(1, 79) = 4.74, p = 0.03* 
 
EF: F(1, 79) = 0.66, p = 0.42 
  
Interaction: F(1, 79) = 2.14, p = 0.15 
 
Interaction: F(1, 79) = 0.10, p = 
0.75 
 
Time 2 Trial 3 
 
CPL: F(1, 79) = 0.01, p = 0.94 
 
CPL: F(1, 79) = 0.03, p = 0.86 
  
EF: F(1, 79) = 2.41, p = 0.12 
 
EF: F(1, 79) = 0.26, p = 0.61 
  
Interaction: F(1, 79) = 0.01, p = 0.94 
 
Interaction: F(1, 79) = 1.46, p = 
0.23 
* Significant at the 0.05 level. 
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Figure 1:  Interaction Between CPL and EF on Sort ARC Scores at Spring Baseline Trial 
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